Abstract. In this paper, we study the perturbation of spectrums of 2 x 2 operator matrices such as Mc = [ ^ CB ] on the Hubert space H®K . For given A and B , we prove that f| a(Mc) = o,(A) U as{B) u {A 6 C : n{B -X) # d{A -X)) ,
Introduction
Let H and K be Hubert spaces. Throughout this paper "operator" shall always mean "bounded linear operator". In this note, we will discuss the perturbation of spectrums of 2 x 2 upper triangular operator matrices on H © K as the following form:
Although 2x2 upper triangular operator matrices have been frequently used in many literatures (see [1] ), its perturbations of spectrums have not been considered significantly thus far.
In order to state our main result, let us introduce some notation and then continue with a simple lemma. B(H), B(K), and B(K, H) denote the set of all linear bounded operators on H, on K, and from K into H, respectively. For an operator 7, an(T) = {X £ C : there is a sequence {x"} of unit vectors such that (7-A)x" -» 0} is the approximation point spectrum of 7. a¿(T) = {X £ C : 7 -A is not surjective} is the defect spectrum of 7 • «(7) is the nullity of 7 which is equal to dimiV(7). rf(7) is the deficiency of 7 which is equal to dim N(T*). N(T) denotes the null space of an operator 7. R(T) is the range of 7. o(T) is the spectrum of 7. Proof. We will divide the proof into two steps.
In the first step we shall prove that the left side of the above equality includes the right side. In the second step we will show that the converse inclusion is also true. The above example is an affirmative answer to Question 1.
Here we need to point out that although the inclusion o(MG) C o(A) u o(B) may be proper, the spectral radius of MG is always a constant which is independent of C and equal to max{r0(^4), ra(B)} , where ra(T) denotes the spectral radius of an operator 7. This is the following proposition. We need to point out that using results obtained in this note may lead to simpler proofs of propositions in [4] . In [4] But, for spectrum of Gx , what can we say? As in Proposition 4, for 2x2 upper triangular operator matrices, when A and B are given, then ra(MG) is a constant. However, for four block operator matrices, when A, B , and C are given and C ^ 0, in general, the spectral radius ra(Gx) of Gx may be large enough. We have 
